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EXECUTIVE SUMMARY

The Delaware Department of Natural Resources and Environmental Control (DNREC)
documented wetland acreage trends and determined the ambient conditiahasfd nortidal
wetland in the Leipsic and Little Creek River Watersheldsré on referred to aipsicRiver
watershellin 2013. The goal of this projectas to summarize recent gaitsssesand changes
in wetland acreage, assess the condition of tidal andidgainvetlands throughout the
watershed, and idenyijprevalent wetland stressoBasedon findings we mac
watersheespecific management recommendations to improvéangtonservation measures
We also airedto educatehe publicon watershed stewardship and the importance of wetland
conservationdr publichealth and welbeing.

TheLeipsicRiver watersheds located in centradastern Kent County where it
encompasses 128 square miles (78,00athe Delaware Bay and Estuary Basirhe Leipsic
Riverwatershed consists of thétle Creek and_eipsic River subwatershedsvhichwere
combined for this project and repofFhe LeipsicRiver originatesn Kentonand flows
approximatelyl9 mileseastward througBombay Hook National Wildlife RefugeL.ittle Creek
(also known as Little Riveflows for approximately milesthroughthe town ofLittle Creek
Both waterbodiesflow into the Delaware Bay. Approximated¥% of the watershe®B®,000ac)
is covered by wetlands, including tidal estuarine wetlai@%}) andnontidal flat(19%),
riverine (P0), and @pression wetlands %2).

We estimated histori¢prior to 1992)and recen{1992 to 2007yvetland losses in the
Leipsic Riverwatershed based on histohydric soil maps and recent statewide wetland
mapping effortsOur analysisindicated that by 1992, approximately #%i(8,493aaeg of the
wat er histoeidwetianddad been filled or losmostlydueto conversiorio other land uses,
includingagriaultural landand residenéil and commercial developmeBetween 1992 and
2007, the watershed lost another &res of wetlarglandgained approximately 25dcres of
wetlands Most of the wetland acreage loss was due to conversion efdamwetlands to
agriculture or developmentlost of the gained acreag&sattributed to the creation ofterrow
pit (i.e., where sediment has been dug out for use at a different site, and water may subsequently
fill the pit left behind)and many smaller excavatstbrm water pondsll of which provide
fewer ecosystem services than natural wetlands.

Some wetlands alsdanged from 1992 to 200Five acres of notidal wetlands
changed from natural wetlands to excavated agricultural or residential ponds, which likely
reduced the functional value of these wetland$aliwetlandsexperienced greater change, with
647 acresof emergent vegetated wetlands shifting mostly to aquatic bed, intertidal
unconsolidated shore, or subtidal unconsolidated bottom habitat. These dhdiugts an
overall decline in vegetative cover and changes in hydrologic regime and wildlife Hellaitet.
of these changes occurred along the coastliljgcent to th®elaware Baysuggesting that
erosion and sea level rise are converting vegetated wetlands into largely unvegetated
unconsolidated bottom and shdre., open water)

To assess wetlarmbndition and identify stressors affecting wetland health, we conducted
rapid assessments at random wetlates shroughout the watershddring the summer of 2013
Wetland assessments were performeditidal wetlands using the Midtlantic Tidal Rapid
Assessment Method (MidTRAMJersion 3.0 In addition, 8 freshwater riverine wetland29
flat wetlands, an@9 depression wetlarsdvere visited and assessed using the Delaware Rapid
Assessmerrocedure (DERAP) Version 6.0/etland assessment sites wiar@ated on public
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and private property and randomly selected utilizing a probabilistic sampling design with the
assistance of the Envi(EPAEco®gcalMobnitoRmgande ct i on
Assessment Progra(EMAP).

Estuarine wetlandsceived anediancondition score 084.4out of a maximunpossible
score of 10, with scoresanging from46.6 to 91.1Flat wetlandshad a median condition
score of 70.@ut of a maximunpossiblescore of 99, ranging from 32.0 to 95.Riverine
wetlandshad amedian condition score of 7200t of a maximum possible score of 9QIr&énging
widely from 2.0 to 90.0Depression wetlandeceived a median score 66.0out of a maximum
possible score of 82.6anging from1.0 to 80.0Compared to sivther watersheslpreviously
assessed in Delaware, the wetlands ot #ipsic River watershederedoing fairly well, with a
relatively high percentage of wetlands being minimally streg$&0%) Despite this, 40.0% of
wetlands in this watehed werestill moderatelystressed and 12% wereseverely stressed.

Some common wetland stressors were invasive plant species and buffer disturbances, such as
adjacent development.

Wetland value was also evaluated in +iiolal wetlands because wetland value to the
local area maye independent of wetland condition. The Leipsic River watershed was the first
wateshed where valuadded assessments were conducted; as such, scores presented here are
considered pilot scores, and scoring methods will be further refined as more watarghed
evaluated in the future. Valksded assessments were conducted atidahsitesusing Version
1.1 of the ValueAdded Protocol, in conjunction with DERAP v.6.0. Most +imal wetlands
were found to provide moderate value to the local area (46at¥d)contributed the highest
amounts of value in terms of habitat structure and complexity and habitat availability.

Based orsynthesisandanalysisof all data collectedor this report we madeseveral
management recommendations to improve overall wetland condiitbacreagby targeting
specific issues in different wetland typehese recommendations weadored to different
audiences, including environmental scientists and land mandgeision makers, and
landownersWe recommenddthat environmental scientistesearchergand land managers
work to increase resiliency of tidal shorelines, maintain wetland buffers, control the extent and
spread of invsive plant species, and sectwading for wetland preservation and restorative
alsorecommenddthat decision makers improve the protection of-tidal palustrine wetlands,
update tidal estuarine wetland regulatory maps, and develop incentives for maintaining tidal and
norttidal wetand buffersFinally, we suggestithat landowners strengthen tidal shorelines
using environmentallyriendly methods€.g, living shorelines), protect and maintaegetated
buffers around wetlands on their propeegd protect or restore wetlandstbeir property.

LeipsicRiver Watershed Wetland Condition Report 2
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INTRODUCTION

Wetlandsare uniquebeautiful ecosystems that are intrinsically valuable@wogide
many importanecosystenservices to communitieBisturbed sediments, pollutants, and
nutrient runofffrom non-point sources such as agriculture, land clearing, and construzion
be removed and retained from the water column by wetlagidee they enter our waterways
thereby improving the quality of drinking and swimming walBar retaining sediments,
wetlands also help to control erosionetandsminimize flooding bycollecing and slowly
releasingstorm water that spills over channel bar®tecting infrastructure and properthey
also sequester carbon, meaning that they help remove excess ¢axibs fdom the
atmosphere and store it in thplantbiomass and soil®\dditionally, wetlands are biologically
rich habitats and are home to many unique plant and animal species, some of which are
threatened or endangered. They are critical resotocesigrating shorebirds and wintering
waterfowl and serve as nurseries for commercial fish and shellfish sp@éstmnds are also
valuablesource of recreation (e.g. hunting, fishing, and birding) and livelihood (e.g. fishing,
crabbing, furbearer traping).

The ecosystem services that wetlands provide supply significant contributions to local
economiesn Delaware. For examplé,is estimated that flood control benefitsproperty
ownersprovided by Delaware watersheds and the wetlands within éinewalued between $42
and $105 million annuallyand wildlife activities conducted in these areas such as birding,
fishing, and hunting generate approximately $303 million ann(idtyvaez and Kauffman
2012). Coastal wetlands in Delawam®vide approxirately $19.3 million in wages to hundreds
of workersthrough associated jobsnd generate millions of dollars every year from commercial
fisheries(Narvaez and Kauffman 2012).

Wetland acreage and condition are both crucial to the ability of wetlands to provide these
beneficial services. For example, if a wetland was large in size but was degraded, its ability to
perform ecosystem services wouldrbduceceven though it was arige wetland. Conversely, if
a wetland was small in size but was in excellent condition, it would perform services well, but
would only be able to provide them to a very limited number of plants, animals, and
communities. Wetlands provide the greatest arhotigervices when they are in good condition
andexist in large, contiguous blocks

Wetlands have a rich history across the regiontheid aesthetics have becomsyanbol
of the Delaware coadtinfortunatelymany wetlands that remain are degraftech
experiencing many stressoasdare therefore functioning below their potentidlosquito
ditches, agriculture, developmeritliig, and invasive species aafl examples of some of the
stressors thdDelawarewetlands experience that can negativelydifteeir hydrology, biological
community, and ability to perform beneficial functioAslditionally, approximately half of all
historicwetlands in Delaware have been lost over time. This decline in wetland acreage has
continued in recent years; betwee®2%nd 2007, there was a substantial net loss of 3,126 acres
of vegetated wetlandzcross the staté\creage dsses are particularly alarming for forested
palustrine wetlandsvhich experienced the greatest losses of all wetlarestgptween 1992 and
2007 (Tineret al.2011).These losses highlight the need for greater protection of freshwater,
norttidal wetlands, as the State of Delaware only regukateities intidal wetlands and nen
tidal wetlands that are 4@@ntiguousacres or more in size.

The State of Delaware is dedicategteserving anémproving wetlands through
protection, restoratiorgducation, and effective planning to ensure that tié continue to
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provideimportant services to the @gns of Delaware (DNRE201%). Thus, he Stateof

Delaware Department of Natural Resources and Environmental Control (DNRE@)nes

changes in wetland acreage over time and monitors wetland condition and functional capacity to
guide management and protection effoBisice]l999 DNRECO s Wet | and Moni t ori n
Assessment Progra@d/MAP) has beemleveloping scientifically robust methods to monitor and
evaluate wetlands across the Mitlantic regionon a watershed bagising a 4tiered approach

that has been approved by th&UEnvironmental Protection Agency (ERPAhe program

evaluates wtland health, or condition, by documentthg presence and severityspfecific

stressors that are degrading wetlands and preventing them from functioning at thetefulbp
Wetland asessments are conducted4 tiers ranging from landscapgevel to sitespecific
studies(Figurel). The landscape level assessment (Tier 1) is the broadest and least dethiled

is performed on desktop computensile the rapid assessment (Tier@mprehensive

assessment (Tier 3), and intensive assessment (Tier 4) are progressively more ddtailed a
require active fielanonitoring.Of Tiers 24, rapid assessments require the least amount of work
and shortest field days, while intensive assessmeqtsre the mosntense field work, and data
collection and analysis

Landscape
Assessment Census of all mapped

wetlands

. Stratified Random Sampl
Rapid Assessment P

Tier 3 Stratified Random Sampl
Comprehensive

Assessment

Tier 4 Fixed monitoring station

ﬁ using intensive sampling

Intensive
Assessmen

Figure 1. The four-tiered approachthat is used to evaluate wetland
condition across the MidAtlantic region.

Once these assessmentsamplete, datare used to generate an ovevaditershed condition
report that discusseiendsin wetland acreage, identifieemmon stressors by wetland type
summarize overall health of wetland typeand provides management recommendatozsed
on these resultdnformation and recommendatiopsovided by these reportan be used by
watershed organizations, state planning and regulatory agencies, and otlneldtakeo
prioritize and improve wetland protectiandrestoratiorefforts. For exampleprotection efforts
such aghrough acquisition or easementan be directed towawmdetland typesn good
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condition, and restoration efforts ctanget degraded wetland types to incraasé functions
and services.

Watershed Overview

Pennsylvania

g The Leipsic River watershed is
‘Q‘ comprised of two sulwatersheds: the
Leipsic River watershed, and the Little

New Jersey

Legend Creek watershedBoth subwatersheds
1;221‘;“;2;‘;’:;“““ were assessed together as one watershed
[0 cresapeake pay by DNREC, so for the purpose oigh

— e report, Leipsic River antittle Creek sub

(] peamon watersheds together will hereafter be

referred to as simply the Leipsic River
watershed. As a whole, the watershed
encompasses 128 square miles of land
(78,000 acresviap 1.
The Leipsic Rivers located in

Kent County witlin the DelawardBay and
Eswuary Basinlt is bordered by the St.
Jones watershed to the squtie Chester
River watershed to the west, the Smyrna
River watershed to theorth, andthe

Delaware Bay to the eagtt one time, the
i HRIITY aia Leipsic River was actually considered a
tributary of the Smyrna River, but it was
cut off from the Smyrna River in 1682
when the Thoroughfare Canal was
Map 1. Location of the Leipsic River watershedand the constructed (DelDOT a). Nowhe Leipsic
major drainage basins in Delaware. Watersheds at the River is divided into an upper and lower
Hydrologic Unit Code 10 scaleare outlined in gray. segment by a dam at Garrigsiake

whi ch was i nst adupplg d
water power for grain mills (DelDOD).

The lower segment is tidal and runs &mproximatelyl3.6 miles from the Garrisén Lake dam
out into the Delaware Bay. The uppeontidal segment runfor approximatelys.8 milesfrom
theheadwaters of theeipsic Riverin Kentoninto Garrisoids Lake Water from Masse®
Millp ond feeds into Garris@s Lake throughhe Pinks BranciDuck Creek converges with the
lower segment of the Leipsic River in Bombay Hook National Wildlife Refuige Creek,
also known as Littl&iver, runsfor approximately 8 nhes throughthe town of Little Creek and
east of Dover out to the Delaware Bay. The Pipe EIm and Morgan Branches feed into the
Little River.

Maryland

Hydrogeomorphology

Prior to the last icage, nost of present day Delaware was coverethieyocean
However, as polar ice caps expanded, the sea level decreased, exposing morasisind. M
amounts of sedimeifitom the ancient Apalachians were carried dowlme largeDelaware and
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SusquehannRivers and settled onto the coastahipls of DelmarvaRepeated continental
glacier advances and retreatsd subsequent melting of polar ice chplped to shape the
relative sea levednddictate stream formatiorieat comprise current watersh@NREC
2005. However, the landscape is dynamic and continues to change through various processes,
such as through sea level rise. Ninsgyen percent of tidal wetlands in Delaware are predicted
to be affected by a rise in sea level of 0.5m by 2100, as ard 8éf-tidal wetlands under the
same scenaritDNREC 2012).
Today, the Delaware Bay and Estuary Basin, which includes the Leipsicviritenshed
is contained within the Atlantic Coastal Plain Physiographic Province, just south of the
Appalachian Piedmont Fall Zone. Itdesmposed of two physiographic subdivisions: 1) the
coastal lowland belt, which includes low elevation are&dttabove mean seaviel on the
6.8% eastern side of the basin, and
' 2) the inland plain, which
includes areas of higher
elevation (approximately 35
ft above mean sea level in
Kent County) on the western
m Depression side of the basifDNREC
2005) The Leipsic River
watersheds within two of
= Riverine the four hydrogeomorphic
regions of theBasin,
including weltdrained
uplandson the western
extent and beaches, tidal
Figure 2. Proportions of hydrogeomorphic wetland types in the Leipsic marshes, lagoons, and
River watershed. barrier island®n the eastern
extent(DNREC 2005).
According to the 2007 mapping effort from the Delaware StaeWeétland Mapping
Project (SWMP State of Delaware 20)nhe Leipsic River watershed hasosal of 31,917
acresof wetlands, which can beategorized into different classeased ormydrogeomorphic
(HGM) propertiessuch as landscapandform and wateflow path Most wetlands in this
watershed i@ classified as estuarine (7%} totaling 22,962 acregollowed by fhats (19.1%;
Figure 2), totaling 6,088 acregdnly 2,160 acre$6.8%)of the wetlands are riverine, andly
707acreg(2.2%) are depressn.Thr oughout this report, the tern
used interchangeably. Flat, riverine, and depression wetlands are collectively referred to as
palustring(i.e., freshwater, netidalwet | ands, and i n thisdreport,
onomdal 6 are used interchangeabl y.

m Estuarine

2 204 Flat
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Estuarine  wetlands are

N heavily concentrated on the eastern

> ¢ ¢ side of the watershed because the
easternside is infuenced by the

> tidal action of the Delaware Bay.
Flat wetlands are  scattered
throughout the watershed, with
some adjacent to estuarine wetlands
and some occurring in lodying
headwater regions Riverine
Delaware wetlards arealong riverand stream
Bay bodies, and depression wetlands
occur throughout the watshed
often adjacent to or surrounded by
flat wetlandgMap 2).

The unconfined aquifer
(water table) and several deeper
confined aquifersthroughout the
Delaware Bayand Estuary Basin

Rctie creek support the groundater for the
ke basin.  The unconfined aquifer
Wetland Types 'M;% :Ieof\i/;/lz (;[hré)ugh grz_alv_elly san_ds and is
————— y precipitation in areas
I cstuarine wetiands where permeable sediments allow
I Ocpression Wetiancs water to infiltrate down to the
E‘:a‘we"jv":d o .. aquifer. _This groundwqter is
LN B extremely important, as its the
only source of potable water in this
Map 2. Hydrogeomorphic wetland typesand surface water in region (DNREC 2005) Wetlands,
the Leipsic River watershed based on 2007 SWMP data. therefore, are extremely important

in this regionfor drinking waterbecause wetlands help clean and recharge dgroater. It is
estimate that the economic value tie treated publievater supplyin the Delaware Bay and
Estuary Basiris $243 million annually(Narvaez and Kauffman 2012yWater is also used for
agricultural irrigation in Kent County and is valued at an estimated $6.5 million annually
(Narvaez and Kauffman 201Zunoff from impevious surfaces or agricultural land can affect
the quality of this water.
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Land Useand Land Cover

Based on a comparison between 1997 and 2012 National Land Cover Datasets (NLCD),
theLeipsic River watersheexperienced a 3.0% increase in the amount of developed land in the
15year time framgTable 1) Land used for agriculture decreased by 4.7%, forested land
decreased by 3.6%, land covered with water increased by 1.7%, and wetland acreage increased
by 2.8%(Table 1) Comparison of the spatial datasets revealed ligadlécrease in agricultural
land usewvas mainly caused by conversiohagricultural lando developed or transitional (i.e.,
in the process of being developed) lafde reduction indrested&nd wadecause oboththe
increase in developed lamad the fact that some areas that were formerly classified as forests
were recently reclassified as wetlandod¥idevelopmentvasconcentrated along Route 13 and
Route 1 with some also occurring byoRte 15 Wetland acreage increased because of the
creation of storm water retention poragsociated with many developmeatsl because some
areas that were formerly classified as forests were more recently reclassified as wEtkands.
amount of land coved by water increased because of conversion of some shoreline to open
water and because of an increase in surface water in some tidal wetland areas.

Table 1. Land use/land cover (LULC) change in the Leipsic River watershed based on 1997
and 2012National Land Cover Datasets (NLCD) Values are percentages.

Land Use 1997 Land Use 2012 LandUse 6097 - 612
Developed 8.5 11.5 3
Agriculture 41.6 36.9 -4.7
Forest 6.1 2.5 -3.6
Water 6.1 7.8 1.7
Wetland 37.1 39.9 2.8

The more recent 2012 NLCD shows ttieg Leipsic River watersheddsirrentlydominated by
wetlands (40%), followed cbsely by agricultural land (3%; Figure 3, which is used for

livestock and poultry, and for growing crops such as corn, soybeans, andSdreatland is

also used for developmerit2%) or is covered with water (8%), and small fractions of land are
forested (2.5%), beach oared (<1%), or transidnal (.e., in the process of being converted to
use for developmen1%; Figure 3.
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m Wetland
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m Water

® Forest

® Transitional
Beach/Sand

Figure 3. LULC status in the Leipsic River watershed in 2012. Percentages shown
are based on the 2012 NLCD.

Most of the wetland areas are on the easteendfithelLeipsic Riverwatershed adjacent to the
open water of the Delaware Bay, with someaBer patches of wetlandsattered throughout the
watershed. To the west, these wetlands are bordered primarily by agriculturathaidyccur

in the western extent of the waterst{dthp 3. A large strip of developed land runs northwest to
southeast down the watershed, beginning just south of Dover Downs along Route 13 and
continuing down through the center of the Dover Airforce B&sene smallepatches of
developed land are scattered throughout the watershed, though most development occurs on the
western alf (Map 3. The open surface water is concentrated on the eastern side of the
watershed in the wetland areas, with some water bodies exgemest, including the Leipsic
River. There are small patches of forested and transitional land scattered throughout the
watershed, while the small beach/sand areas are along the shoreline of the Delaware Bay or
within the tidal wetlandgMap 3.
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It is likely that landuse and
landcovemwill continue to
change. As mentioned above,
sea level rise is predicted to
affect wetland landcover,
particularly tidal wetlands
with 97%of tidal wetlands in
Delawarepredicted to be
affected by a rise in sea level
of 0.5m by 2100 (DNREC
2012). Since most of the
wetlands in the Leipsic River
watershed are estuarine
(Figure 2),it is highly likely
that wetland landcoven this
watershedvill be alteredover
time. Sea level rise will
probably affect beach and
sand areas as well because

iLsipsiciandiise they are located along the
O Deieis shoreline with the tidal
Water : wetlands.The proportion of
Transitional land used for development
Agtieie may continue to increase,
— S which would likely contrilute
@ vetans o 25 5 10 Kilometers to a further derease in
e agricultural landforegs, and
Map 3. LULC in the Leipsic River watershed in 2012 based wetlands.

on the 2012 NLCD.

Wildlife Habitat and Outdoor Recreation

The Delaware BagndEstuaryBasin including theLeipsic River watersheds incredibly

important for shorebirdand waterfowl some of whiclare threatened or endangeradcording

to the 2015 Delaware Wildlife Action Plan (DNREC 26),5many of the shorebird and

waterfowl species that use this area as habitat are species of greatest conservation need (SGCN),
including the red knotQalidris canutug andthe American black duckAnas rubripek It is one

of the keymigrationstopover areas fahorebirdsas they stop and feed on horseshoe crab

(Limulidae spp.eggs before they continue to fly north to summer breeding grohfaas;

species of waterfowl use the area for feeding grounds during the amuteturing migration

Because of thishe Ramsar Conventipan intergovernmental treaty that provides the

framework for the conservation and wise use of wetlamd®gnizeshe Delaware Bay Estuary
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Cheswold

Unique Wetlands

- Groundw ater seepage wetlands

Il coastal Plain seasonal ponds

State and Federal Protected Areas

Massey's Millpond
- Garrison's Lake

[ ] Bombay Hook NWR
Woodland Beach Wildlife Area

Little Creek Wildlife Area
Other Features

- Surface water

Leipsic River watershed boundary

7 Kilometers
TN, ey ey

Map 4. State and tederal protected areas, and unique wetlands, in the
Leipsic River watershed that are important for wildlife habitat and/or

recreation opportunities.

asan International
Wetlandof Importance
(RamsarConvention
2014).The Delaware
Bay Estuarys alsoa
designatedbite of
Hemispheric Importance
by the Western
Hemisphere Shorebird
Reserve Network
(WHSRN; WHSRN
2009), indicating that the
area isvisited by
500,000 or rore
shorebirds a year, and
accouns for more than
30 percent of the
biogeographic
populationfor certain
species.Similarly,
Del awar eos
Zone, which includes a
large portion of the
Leipsic River watershed,
Is a designateGlobal
Important Bird Area
(IBA) by the National
Audubon Society
because of the large
seasonal congregations
of waterbirds that occur
there(NationalAudubon
Society2016)

The 2015
DelawareWildlife
Action Plan (DNREC

2015b) also highlightavetlands within the Leipsic River watershed as important habitats for
many reptile and amphibian SGC&lich aghe diamonebacked terrapifiMalaclemys terrapih
andthefour-toed salamand€Hemidactylium scutatumMany fish and insect SGCikse
wetland labitatsas well, including thenummichog Fundulus heteroclitysandthe predaceous
diving beetle(Hoperius planatusDNREC 2015).
Unique wetlands can be particularly important for certain SGCN, and the Leipsic River

watershed contains two kinds of these wetlands. There are 64.5 acres of Coastal Plain seasonal
ponds, some of which are located on the far western side of the watenstiedme of which
are on the eastern side near Bombay Hook NWR and Woodland Beach (Map 4). There are also
178.0 acres of groundwater seepage wetlands, all of which are on the western side of the

LeipsicRiver Watershed Wetland Condition Report
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wat er shed, and some of whidchamd eGardyjiaxcemas tloal
Both of these unique wetland types are noted as being important for many rare plant and animal
SGCN. They are also designated as habitats of conservation concern because they are threatened
by factors such as human developmésss of buffers, fragmentation, draining, excess nutrients,
and invasion by ncenative plants (DNREC 20b%. None of these unique wetlands are within
protected area boundaries in this watershed (Map 4).
The Leipsic River watershed contains severaitected wildlife areas that serve as
important habitat for many resting, feeding, and breeding wildlife species, including the SGCN
listed abovéMap 4) Bombay Hook National Wildlife Refug®WR) is owned and operated by
the U.S. Fish and Wildlife Seice (USFWS) It contains a large region of unfragmented tidal salt
marsh and four freshwater impoundments. The water levéies@mpoundments are
controlled seasonally with water control structures to create shorebird feeding habitat in the
spring andvaterfowl feeding hakat in the fall and winter
DelawareDivision of Fish and Wildlife part of DNRECpwns and managésttle Creek
Wildlife Area, Woodl and Beach Wil dlife dAMilpoad.Lit@ar ri s on
CreekWildlife Area, similarto Bombay Hook, contains tidal salt marsh and time@aged
freshwater impoundments. WoodthBeach Wildlife Arealocated just north of Bombay Hopk
contains tidal salt marsind several small freshwater impoundmeAtsout twothirds of this
wildlife area lies within the northernmost part of the watershed, with part of the area extending
outside of the watershéMap4)Gar ri sond6s Lake is dammed on it :¢
freshwater impoundment cut off from ttidal portion of the Leipsic River. Mass&syMillpond
is also a freshwater impoundment with a dam on its eastern side.
There are many opportunities for outdoor recreation withisetlpeotected areas of the
Leipsic River watershed. At Bombay Hook NWRe public can enjoy birding and wildlife
viewing year round, and deer, waterfowl, turkey, and small game hunting on a seasonal basis.
Bombay Hook also offers a variety of environmental education prog&easonal deer,
waterfowl, turkey, and small ganheinting is popular at Little Creek Wildlife Area and
Woodland Beach Wildlife Area, and fishifigm shore, canoes, and small bdatgopular at
Garrisoris LakeandMas sey 6s Mil | pond. Birding and wil dl
round at all of thesegaeowned protected areas as wkblany of these recreation activities and
associated costs (i.e., lodging, food, transportation, and equipcoeftjpute significantly to the
local economy. For example, approximately $20.2 million is made annuallycirets
associated with outdoor recreation activities at Bombay Hook NWR (Narvaez and Kauffman
2012).

METHODS

Changes to Wetland Acreage

Historic wetland acreaga the Leipsic River watershedas estimated using a
combination of current U.S. Department of Agricult(it&SDA) soil maps and hista soil
survey maps from 191Fhese maps are based on soil indicators such as drainage class,
landform, and water flonand allow for classification diydric soils Hydric soils occurring in
areas that are currently not classified as wetlands due to significant human impacts, either
through urbanizatiorggriculture Jand clearingor hydrologic alterations, weessumed to be
historicwetlands that haasbeen lost prior to 199Zurrentwetlandacreagevas calculated from
maps createth 2007as part of thenost recent mapping effort by the Delaw&tatewide
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Wetland Mapping Proje¢SWMP, State of Delawar2007). Recent trends in wetland acreage

weredegermined from SWMP data which classified changetlandsas,06 | ost 6,

ot her wi s drond 1992 ac20Q7¢Sthte of Delawarg2007 andlineret al 2011).
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Map 5. Locations of study sites by wetland type. Sites were
selected using the EMAP sampling design.

popul ation (see

6Landowner

Field Site Selection

The goal was to sample 30 tidal
estuarine sitesind 30 nortidal
palustrine sites in each common HGM
class (riverine, flat, and depression).
Toaccomplisht hi s, the EPAOGS
Ecological Monitoring and Assessment
Program (EMAP)n Corvallis, Oregon
assisted with selecting 250 potential
sample sites in estuarine intertidal
emergent wetlands an®0 potential
sample sites inegetategalustrine
wetlands(250 for ech HGM class)
using a generalized random tessellation
stratified designwhich eliminates
selection biagStevens and Olsen 1999,
2000). A target population was selected
from all naturalvegetated wetlands
within the Leipsic River watershed
from the 200MNational Wetland
Inventory (NWI) mapsStudy sites
were randomhiselectedpoints within
mapped wetlands, with each point
having an equagbrobability of being
selectedSites were considered and
sampled in numeric ordérom lowest
to highests dictated byjhe EMAP
design.Sites were only dropped from
samplingin circumstances that
prevented us from accessing the site or
if the site was not actually in the target
Cont acltoted, B0d Si t e

eduarine sites, 30 riverine sites, 29 flat sites, and 39 depression sieassessed in the field
(Map 5. Statistical surveynethods developed by EMARerethenused to extrapolate results
from the sampled population of wetland sitegh®whole populigon of wetlands throughout the
watershed (se@ata Analysi§section belowor details.
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Data Collection
Landowner Contact and Site Access

We obtained landowner permission prior to assessing all $esdentified landowners
using county taxecords and mailed each landowner a postcard providing a brief description of
the study goals, sampling techniques, andcontact informationThey were encouraged to
contact us with any questions or concerns regagsliegccess, data collection, areporting. If
a contact number was availaphee followed the mailings with a phone call to discuss thee sit
visit and secure permissiolfipermission was deniethe site was dropped and not visited. Sites
werealso droppedf a landowner could not beentifiedor if landowner contact information was
unavailable

Sites were deemed inaccessible and were subsequently dropped if the sitsat@so
visit for any reasonSome sites that were selectesing the EMAP desigwere determined to
not be wetlands upon field visits, and such sites were dropped. Simitarky sites that were
identified and selected by the EMAP desagbeing a certain HGM class were determined to be
a different HGM class upon fieldsits, and those sites were eitldeoppedor changed in our
database and samplatfetlands that
were not inthe targesampling
population(i.e., restoration sites or
nonvegetated wetlandsyere
dropped if selected as sample sites
because we were only sampling
natural, vegetated wetlands

Assessing Tidal WetlanGondition : | ol
We evaluated the condition of & '  \Am

tidal wetlands using the MIdTRAM N TS 2s0m Butter ;‘ s ®

v3.0 protocol (Jacobset al. 2010) b 8. \Il

MidTRAM consists of 14 scored ;

metrics that represent the condition o

the wetland buffer, hydrology, and i

habtat characteristics (Table 2).8&

MidTRAM uses a combination of

gualitative evaluatiomand quantitative

sewerity of stressorsSome of this is
performed in the field during site

visits, and somein the office using Figure 4. Standard assessment aregAA), subplot locations,
maps and digital orthophotos. and buffer used to collect data for the MidAtlantic Tidal

MidTRAM was usedo Rapid Assessment MethodMidTRAM) .
complete assessmentdia first 30
rancbm pointsfrom the EMAP desigthat wee not dropped from analysiBrior to field
assessmentwe produced site maps and calculatederabuffer metricyTable 2)using
ArcMap GIS softvare (ESRI, Redlands, CA, USAJIl metrics masured in the officevere
field-verified to confirm accuracy.
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We navigated to the EMAP points with a handheld GPS unieatadblished an
assessment aredA) as a 50m radius circle (Ok&) centered on each random pdkigure 9.

We defined the AA buffer area as a 2680alius area around the A@igure 4. Any necessary
adjustments to the AA shape or location were made according to the MidTRAM pr@aoaibs
et al.2010)

Eight 1 nf subplots were established along two perpendicular 108@madcts that
bisected the AAThese subplots were used to measure horizontal vegetative obstructioil and so
bearing capacity (Table Aprientation, placement, and numbering of subplots, as well as any
necessary adjustments to subplot locations, were done in accordance with the MidTRA
protocol(Figure 4 Jacobset al.2010) Assessment data collection was completed for all metrics
within the AA and buffer via visual inspection during one field visit during the grosaagon
(July 1-September 30) andas performe@ccording to samplopmethods described in the
MidTRAM protocol Jacobst al.2010)

Additionally, marsh bird surveys were conducted between 3&gptember 30 in 2013
and 2014 at 29 of 30 sites. This was done to measure community integrity in order to further
determine ifrapid assessment methods (i.e., MidTRAM) are reflective of intensive wetland
condition measures. MidTRAM wetland condition scores were found to be significantly
correlated with Index of Marsh Bird Community Integrity (IMBCI) scores, supporting the idea
that MIdTRAM scores are reflective of true wetland conditiprQ.005; r>=0.27)ennette 2014).
Detailed methods, statistical results, and discussion of marsh bird surveys are not cotésed in t
report, but can be found onliigee pg. 58or website link.

After completing the field assessments, the field arellectivelyassigned each site a
Quialitative Disturbance Rati(@DR) from 1 (least disturbed) to 6 (most disturbed) using best
professional judgemesfcategory descriptiancan be found in Appendix A\ normalized final
score was then computed, which provides a quantitative description of tidal wetland condition
out of a total of 100 point&tatistical analysis was performed using Microsoft Excel and R
version 3.3.2.
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Table 2. Metrics measured with the Mid-Atlantic Tidal Rapid Method (MidTRAM)

Version 3.0.
. . _ Measured in
Attribute Grou Metric Name Description
P P AA or Buffer
Percent of AA | Percent of AA perimeter that h
Buffer/Landscape Perimeter with 5 m[ at least 5 m of natural or sem Buffer
Buffer natural condition land cover
Average Buffer The average buffer width
Buffer/Landscape V\% 4t surrounding the AA that is in Buffer
natural or semi-natural conditio
Surrounding Percent of developed land with
Buffer/Landscape Development 250 m from the edge of the A4 Buffer
Condition of surrounding
Buffer/Landscape 250 m La.erscape Iand;cape ba§ed on vegetatig Buffer
Condition soil compaction, and human
visitation within 250 m
Percent of landward perimeter
Buffer/Landscape Barner; to ITandwar marsh v_vrthln 250 m_wnth physic Buffer
Migration barriers preventing marsh
migration inland
Y . .| The presence and functionality
Hydrology Ditching & Draining ditches in the AA AA
The presence of fil or marsh
Hydrology Fill & Fragmentation| fragmentation from anthropoger AA
sources in the AA
The presence of dikes or othg
Hydrology Diking/Restriction | restrictions altering the natura] AA and Buffer
hydrology of the wetland
Hydrology Point Sources The presence of |9ca||zed sour AA and Buffer
of pollution
Habitat Bearing Capacity Soilresistance using a side AA subplots
hammer
Habitat Horizontal Vegetatlv The amount of visual gbstruct|c AA subplots
Obstruction due to vegetation
Habitat Number of Plant | Number of plant Iayer§ in AA AA
Layers based on plant height
Habitat PercenF Co—domlna Percent of.co—dc.)mlrlant sSpecid AA
Invasive Species that are invasive in the AA
Habitat Percent Invasive Percent coyer of invasive spec AA
in the AA
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Assessing Nottidal Wetland Condition

Rapid Sampling in Netidal Wetlands
TheDelaware Rapid Assessment ProcedERAP) v.6.0wasused to assess the
condition ofnorttidal, palustrinevetlands based on the presence and intensity of stressors
related to habitat, hydrology, and buffer elemémeble 3 Jacobs 2010 DERAP was folloved
to complete assessment28tflat sites, 30
riverine, and39 depressiorsitesin the
LeipsicRiver waershed in 2013 rior to
field assessments, we produced site maps
and calculatedeverabuffer metricyTable
3) using ArcMapGIS software (ESRI,
Redlands, CA, USAAII metrics measured
in the ofice were fieldverified to confirm

40m Assessment
Arca

100m Buffer accuracy. . .
We navigated to EMAP pointa the
field with a handheld GPS urand
EMAP point established aAA as a 40m radius circle (0.5

ha) centered oaach random point (Figure
5). Any necessary adjustments to the AA
shape or location were made according to the
Figur 5. Standard assessment area and buffer used DERAP protocol (Jacobs 201G)h.e entire
collect data for the Delaware Rapid Assessment AA was explored on foot and evidence of
Procedure (DERAP). wetlandhabitat,hydrology, and buffer

stressrs(Table 3)were documenteduring
one field visit during the growingeason (July-Beptember 305imilar to MidTRAM, field
investigatorscollectivelyassigedthe wetland a Qualitative Disturbance Rating from 1 (least
disturbed) to 6 (most disturbed; Appendix A) based on best professional judgdindathat
some stressors only apply to certaontidal wetland types (i.e., ditches are only assessed for
flats and depressions, and stream altemaanly assessed for riverine wetlandable 3).
Statistical analysis was performed using Microsoft Excel and R version 3.3.2.
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Table 3.Metrics measured with the Delaware Rapid Assessment Procedure (DERAP) Versiol

6.0.
. . s Measured in AA
Attribute Group Metric Name Description
or Buffer
. Dominant Forest .
Habitat Age Estimated age of forest cover class AA
Habitat Fo_re_st Harvesting|Presence and |nt'ensrt3_/ of selective cu AA
within 50 Years or clear cutting within 50 years
Habitat Forest Managemethonversion to pir?e pIantaFiop or evider| AA
of chemical defoliation
. Mowing, farming, livestock grazing, or|
. Vegetation .
Habitat 9 . lands otherwise cleared and not AA
Alteration .
recovering
Habitat Presence o_f InvasifPresence and abundance of invasive AA
Species cover
Evidence of herbivory or infestation b
Habitat Excessive Herbivorypine bark beetle, gypsy moth, deer, nu AA
etc.
Presence of dense algal mats or th
Habitat Increased Nutrients abundance of plants indicative of AA
increased nutrients
Habitat Roads Non-elevated paths, elevated dirt of AA
gravel roads, or paved roads
Ditches (flats and| Depth and abundance of ditches with
Hydrol ) . AA and Buff
yarology depressions only) and adjacent to the AA and Butter
Stream Alteration Evidence of stream channelization 0|
Hydrology L N AA
(riverine only) natural channel incision
. Man-made structures impeding the flg
Hydrol Weir/Dam/R ) AA and Buffer
ydrology er/Dam/Roads of water into or out of the wetland and Buffe
Storm water Inputy Evidence of run-off from intensive lan
Hydrology . P . . . AA and Buffer
and Point Sourceq use, point source inputs, or sedimenta
Filing and/or Man-made fill material or the excavatiq
Hydrology 9 . . AA
Excavation of material
Microtopoaraph Alterations to the natural soil surface
Hydrology P -g Py forestry operations, tire ruts, and so AA
Alterations .
subsidence
ial i ial I
Buffer Development Commercia or residential developme Buffer
and infrastructure
Buffer Roads Dirt, gravel, or paved roads Buffer
Buffer Land_ﬂIVWaste Re-occurring ml_Jn|C|paI or private was Buffer
Disposal disposal
Channelized Streanq Channelized streams or ditches >0.6
Buffer . Buffer
or Ditches deep
Poultry or Livestock ) . .
Buffer Y . Poultry or livestock rearing operations Buffer
Operation
Buffer Forest Harvesting if Evidence of selective or clear cutting Buffer
Past 15 Years within past 15 years
Buffer Golf Course Presence of a golf course Buffer
Buffer Row Crops, Nurser|Agricultural land cove.r, excluding fores Buffer
Plants, Orchards plantations
Buffer Mowed Area Any re-occurring activity Fhat inhibits Buffer
natural succession
Buffer Sand/GrgveI Presence of sand _or gravel extractig Buffer
Operation operations
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DERAP produces one overall wetland condition séoreach wetlandising a model
based on the presence and intensityasious stressor@ppendix B, C;Jacobs 2010 Wetland
stressors included in the DERAP model were selected usingvigepnultiple regression and
Akai keds I nformation Criteria (AI C) approach
Delaware Comprehensive Assessment ProcEEAP) data(i.e., more detailed assessment
data)without overfitting the nodel to this specific datasé&oefficients, or stressor weights,
associated with each stressor were assigned using multiple ligesssien (Appendix C). This
processllowed for effectivescreeimg and seledbn of stressovariablesthat best represent
wetland condition for each HGM claséhe DERAPIndex of Wetland Condition\/C) score is
calculated by summing the stressor coédfits for each of the selected stressors that were
present and subtracting the sum from the linear regression inteycépat HGM type

DERAP IWCfiats=95-( Xxstressor weights)
DERAP IWCrgverne =91-( Xxst ressor wei ghts)
DERAP IWCpgpression=82-( xstressor weight s)

As shown in these equations, the maximum condition score that flat wetlands can receive is a 95;
for riverine wetlands, a 91; and for depression wetlands, an 82.

Example: Site D

Forested flat wetland with 25% of AA cleeut, 1:5% invasive plant cover, moderate ditching, ang
commercial development in the buffer:

DERAP condition score =957 (19+0+10+3)

DERAP condition score =63

Value Added Assessments in Niodial Wetlands

The local values that wetlands provide mayrfsependent of wetland condition and
function (Rogerson and Jennette 2014). Thusglae added assessment protocol can provide
additional information that, when used in conjunction with condition results from DERAP, can
provide managers with a more complete picture for decision making purdéseerformed
value added assessments atsomntidal wetland sites in conjunction with the DERAP
assessment using v.1.1tbéValue Added Asessmerrotocol(Rogerson and Jennette 2014).
The purpose of this assessment teesvaluate the local value that a wetland proviges
assessing 7 valuaetrics(Table 4 for details on scoring metrics, see protocol; Rogerson and
Jennette 2014)

Value addegilot assessments were performed at 17 riverine sites, 14 flat sites, and 29
depression site3his was a pilot for the method, as the Leipsic Rivatershed was the first
watershed for which we conducted value added assessiMetts. scores were tallied to
produce a final score that ranged from 0 to 16fial categories and category thresholds for
final scores are shown irable 5 scoring will ke updated as we gain more reference.d&&a
presenedresults only on the site level; value added scores were not extrapolated to the whole
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wetland populationStatistical analysis was performed using Microsoft Excel and R version
3.3.2.

Table 4.Value metrics sored according to v.1.1 of the Value Added Assessmentdgocol.

Value Metric Description
. i Significance of wetland based on ecology and surroundin
Uniqueness/Local Significance g 9y
landscape
Wetland Size Size of the wetland
Habitat Availability Percentage of unfragmented, natural landscape in AA and 4

Delaware Ecological Network (DEN] Identification of ecologically important corridors and large blo
Classification of natural areas

Presence of various habitat features and plant layers importa

Habitat Structure and Complexity species diversity and abundance

Flood Storage/Water Quality Wetland ability to retain water and remove pollutants

Ability of wetland to provide education/recreation opportunit

Educational Value based on public accessibilty and aesthetic qualities

Table 5. Categories and thresholds for value added final scores from v.1.1tbé Value Added Assessment
Protocol.

Value Category Value Score Range
Rich 045
Moderate <45, 030
Limited <30

Wetland Condition Data Analysis

The EMAPsampling method is designed to allow inference about a whole population of
resources from a random sample of those resourcesRaiams et al. 1996). Thusevpresat
our resultdrom MidTRAM and DERAP assessmedatisboth the site and populatitevel. Site-
level results arbasedsolely from siteghat we sampled in the fieltVe discuss sitéevel results
by summarizing the range of scores thatfound in sampled sites (e.gabitat attribute scores
ranged from 68 to 98P opulationlevel results arextrapolated from sitéevel results for each
HGM sulxlass and represent the total area of @attandclass for the entire watershed.
Populationlevel results have incorporated weights based on the EMAP probabilistic design, and
correct for any bias due sample sites that could not be sampled and different rates of access on
private and public land3hese ar@resented using weighted means and standard deviations
(e.g, habitat for tidal wetlands averaged 87 +,18gdians (e.g., the median score fdalt
wetlands was 90)r percentages (e,(20% of riverine wetlands had chaglization present).

Sites in each HGM subclass were placed intor8ltion categories: Minimally

Stressed, Moderatelytr®@ssed, nSeverely 8essed (Table)6Condition clas breakpoints were
determined by applying a pmmtile calculation to the QDRsd condition scores from sites in
several watershedbat were assessed previoudtpn-tidal regional datasets includes DERAP
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data from St. Jones, Murderkill, Inland Bays, &tahticoke watersheds € 160).Minimally
stressed sites are those with a condition score greater tharther2éntile of ies assigned a
QDR of 1 or 2Severely stressed sites are those with a condition score less thali the 75
percentile of ges assigned a QDR of 5 orModerately stressed s#t@re those that fall
betweenThe condition breakpoints that we applied in tlegsicRiver watrshed are provided
in Table 6

Table 6. Condition categories and breakpoint values for tidal and nosiidal wetlands in the Leipsic River
watershed as determined by wetland condition scores.

Wetland Type Method - Mg?rzrse;t:(ljy -
Estuarine MidTRAM O 81 < 81 <63
Riverine DERAP O 85 < 85 < 47
Flats DERAP O 88 < 88 <65
Depression DERAP O 73 < 73 <53

In accordance with EMAP design statistical procedures,ised a cumulative distribution
function (CDF) tashowwetland condition on the population leyBliaz-Ramos et al. 1996
CDF is a visual tool that extrapolates assessment résutisa sampleéo the entire watershed
population and can be interpreted by drawing a horizontal line anywhere on the graph and
reading that as: 06z6 pr opor twatersshed falfsabove or ar ea o
below) thescore f 6 woé f or wleoints Gamlk placedramywhtere onrthe graph to
determine the percent of the population thatithiw the selected conditionsor example, in
Figure 6§ 35% of the wetland area scor&@ or abovefor wetland condition.A CDF also
highlights cliffs or plateaus where either a large or small portion oanedlare in similar
condition.In the exampléFigure 6, there is amallcondition pateau from 570 65, illustrating
that only a mall portion of the population hambndition scores in this range.
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Figure 6. An example CDF showing wetland condition. The bludine is the populaion estimate
and the dashed bludines are95% confidence intervals. The orange and green dashduhes show
the breakpoints between condition categories.

Wetland Health Report Card

Informationrepored heravasused to creata wetland health report cdvdsed on the
major stressors thavere present in each wetland typle report card provides a clear, concise
summary of wetland health and management recommendations in the Leipsic River watershed
for the general publicLetter grades (A-) were assigned to each wetland tipsed on
condition scoreswith A being the lghest grade for wetlands in the best health, and F being the
lowest grade for wetlands in the worst hedltlis easily accessible onlirjsee pg. 58 for link)
These grades are calculated by dividing average final MidTRAM (tidal) or DERAPifed)
swres for each HGM type by the maximum possMidTRAM or DERAP score for each type.
The watershed as a whole was also assigned a letter grade, which was calculated by multiplying
report card grades for each wetland type by the acreage proportion fayaichthe watershed
(i.e., weighting based on acreaga)d then summing those valuligte that the letter grade
scale used here was the same letter grade scale that was used for the Mispillion River watershed,
but has been updated and is thereforéngliglifferent than the letter grade scale used for all
other previously assessed watersheds besides Mispillion.
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RESULTS
Wetland Acreage
Trends: gains, losses, and changes

Wetlands covered an estimated 40,4c@es of the Leipsic River watershed prior to
human settlement of the area. Approximately 8,493 acres of this historic total were lost prior to
1992, andanadditional60 acreswere lost between 1992 and 2007. This méhatas of 2007,
21.1% of
Table 7. Trends in wetland acreage from 1992 and 2007. Values and categories are historic
based on those in 2007 SWMP spatial datasets. Flat, riverine, and depression wetlands wetland
are presented as sutzategories here because they are all palustrine wetlands. Estuarine acreagavas

values ae shown in blue, and palustrine values are shown in green. lostbecause
of human
Loss from human impactssuch
Wetland type Gain (acres) impacts (acres) Change (acres)| as residential
Estuarine 3.1 0.0 647.2 and
Palustrine 25.5 53.2 5.0 commercial
Flaf 12.9 34.4 05 development,
Rivering 3.1 13.4 2.7 ;%?ghﬁﬂg
Depression 9.5 5.4 1.8 (Map 6)

The Leipsic Rivewatershed gained 250.7 acres of wetlands and lost 60.0cdicres
wetlandsbetween 1992 and 200/&sulting ina net gain of 190.@cres of wetlands. However,
only 28.6 of the acres that were gained wagetatedvetlands. Mst of the gained acreage was
attributed to the creation of horrow pitand many smallestorm water pond#Most of the
wetland acreage that was lost wagetategalustrine wetlands, while smaller losses were due
to the conversion of excavated ponds to developed, agricultural, or barremHanid. very
similar to the trend reported statewide, where palustrine forested wedlenods the state of
Delawareexperenced the greatest lossasall wetland typebetween 1992 and 2007, and most
acreage gain was due to the creation of ponds (Tiner et al. 2011).

LeipsicRiver Watershed Wetland Condition Report 23



Estuarine wetlands in the Leipsic Riverteighed gained 3.1 acres between 1992 and
2007 from agricultural land. These new estuarine wetlamdeall vegetated witlintertidal
emergent vegetatiomerescattered throughout the watershed, @edepartially bordered by
other estuarine wetlands and by agricultural |&adustrine wetlandis generalgained 25.5
acres between 1992 and 2007.
Depression wetlands gained 9.5
acres from agricultural and barren
landin scattered, small patches. The
new deressionsverepartially
bordered by agricultural fields,
small patches of trees, roads,
houses, ponds, or other wetlands.
Flats gained 12.9 acres from
agricultural and barren land
small, scattered patches, and they
werenear or adjacent to roads,
house, agricultural ponds,
agricultural land, thin rows of trees,
or forest. Rverine wetlands gained
3.1 acres from agricultural and
barren landsalso in small, scattered
patchesOne new riverine wetland
wasnear Garrisons Lake amehs
bordered by forest anagricultural
land; the othewasbordered by flat
wetlands All of these freshwater
wetlands that were gainedere
vegetated either with emergent,
scrubshrub, or forest vegetation.
Palustrine wetlands lost 53.2
Map 6. Wetland trends over time in the Leipsic River acres between 1992 and 2007,
watershed. meaning thapalustrine wetlands
experienced a net loss of 27.7 acres
in this time period. Flat wetlands experienced the greatest ingsaittey los84.4 acres to
development, agriculture, and gravel pikats that were lost were scattered throughout the
watershedn small patches, andl flats that were lost were forest or scrshrub habitats.
Riverine wetlands lost 13.4 acres to developnrestnall patches in the southern portion of the
watershedand these wetlands were all vegetated forest habitageBans lost 5.4 acres to
development and agricultur€hese wetlandwere scattered in smalafches throughout the
watershednd had all been vegetated emergent or forest hafitedse resultalign withthe
statewide repoywhichidentified that agricultural and residential development aréstming
causedor loss of vegetated palustrine wetlands (Tiner et al. 2011).

LeipsicRiver Watershed Wetland Condition Report 24



































































































